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FOREWORD
In this report, the authors discuss factors which relate to flow 
characteristics of the Middle Mississippi River and its major 
tributaries. The variety of ways in which man and nature interact 
to affect the hydrologic regime of the study area are almost infinite. 
Furthermore, the intensity and direction of man's activity is 
non-uniform with respect to both time and space. Therefore, on the 
scale of the study area, the authors assert that 1) it is difficult 
to verify associations between specific human actions and river 
responses and 2) at this time, it is impossible to do so in a 
reasonably quantitative manner.
These points are not intended to imply support for a course 
of inaction with regard to management of rivers in the study area. 
Instead, it is hoped that they will add important new perspective 
to issues which face those persons charged with the responsibility 
of protecting the public interest in these vital river resources.
Paul R. Munger
Director, Institute of River Studies
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The objective of this study was to formulate a course of action 
which would ultimately lead to a quantitative understanding of the 
impact of land development, land use practices, and construction and 
operation of river control structures on flows, stages, and quality 
of the Middle Mississippi River and its major tributaries. Because 
of the size of the study area (717,000 square miles), the study 
objective was pursued in two steps. First, data relevant to the 
problem at hand were inventoried. Second, selected precipitation 
and streamflow data were analyzed for time-dependent responses and 
responses which could be attributed to activities of man.
Land-use data is a prerequisite for analysis of relations between 
human activities and hydrologic responses. To be able to associate 
particular activities with particular responses, it is necessary to 
determine the status of the land at one point in time, as precisely as 
possible. Aerial photography and remotely sensed imagery from satellites 
are the only such records in existance for the entire study area. The 
earliest photographic coverage is that flown by the Agricultural 
Stabilization and Conservation Service with black and white film at 
a scale of 1:20,000 during the period 1954 through 1961. Beginning in 
July, 1972, multispectral satellite imagery is available for the entire 
study area at 18-day intervals (cloud cover permitting). Each image 
covers an area 115 miles on a side with ground resolution ranging from 
230 feet to 300 feet.
Streamflow and water-quality data are published annually for each 
state. Most continuously-recorded stages and discharges date from 1930
2or later. However, discharges have been extended back as far as 1861 
on the basis of river stage observations and streamflows measured by 
techniques different from those used in the post-1930 period. Water- 
quality data are fewer in number and lengths of record are generally 
substantially less than streamflow records. The U.S. Army Corps of 
Engineers has placed all known Missouri River Sediment data which has 
been collected through 1976 in a computerized data bank.
Monthly and annual climatological data are published for each 
state by the National Oceanic and Atmospheric Administration of the 
U.S. Department of Commerce. Precipitation records extend back as far 
as 1874 in the Missouri River Basin.
There are nine representative and experimental drainage basins 
operated by five separate entities in the study area. General objec­
tives of experimental basin research have been 1) attainment of a better 
understanding and definition of hydrologic processes, 2) evaluation of 
effects of land use on hydrologic processes, and 3) definition of 
regional hydrologic characteristics. Although important advances in 
the science of hydrology have been attained through experimental basin 
research, quantitative expressions of hydrologic processes as they 
relate to land use have been few and are not widely applied.
As part of the International Hydrological Decade (IHD) program 
(1965-1974), a network of Hydrologic Bench-mark and Vigil Stations 
were organized largely from existing data-collection networks. Bench­
mark stations provide hydrologic data from areas which are relatively 
free from human influence. There are five such stations in the study 
area. Vigil stations are designed to reflect long-term changes in
3landscape features in typical environments which are likely to be 
affected by nearby cultural influences. There are 24 Vigil Stations 
in the study area. Although not a part of the IHD program, the U.S. 
Geological Survey in 1975 instituted the National Stream Quality 
Accounting Network (NASQAN) in order to depict aerial variability of 
streamflow and water-quality conditions on an annual basis and to detect 
and evaluate long term changes in streamflow and water quality. It 
appears that the Bench-mark, Vigil, and NASQAN programs constitute a 
watch-system for hydrologic responses to the activities of man.
In the Missouri River Basin, weighted annual precipitation for 
the period 1874 to 1965 is suggestive of a long-term downtrend and of 
low-amplitude cycles having a period of about 20 years. However, this 
behavior is not discernible for unweighted averages for the period 
1931-1970 computed separately for the Upper and Lower Missouri River 
Basins.
There is a storage of about 108 million acre-feet in the Missouri 
River Basin of which 75 percent is in only 9 reservoirs. Three reservoirs 
above Sioux City, Iowa account for about 50 percent of the total basin 
storage. Streamflow responses in the Missouri River at Sioux City and 
at Omaha, Nebraska have been dominated by regulatory effects of these 
reservoirs since their closures in the period 1952 through 1959.
Responses of the Missouri River at Kansas City, Missouri after 1952 are 
similar to those observed at Sioux City and it appears that for the 
entire post-1952 period, river responses are influenced in some measure 
by reservoirs above Sioux City.
Responses of the Missouri River at Hermann, Missouri are also 
similar to those observed at Sioux City until about 1957. After 1957, 
it is unclear what effect upstream reservoirs have on flows at Hermann.
4Because of a coincident period of sub-normal precipitation in the 
study area, and because discharge in the Mississippi and Illinois 
Rivers also dropped in response to the subnormal precipitation, it 
is not certain that flows at Hermann were measurably affected by 
closure of dams above Sioux City. Although the temporal pattern of 
annual peak flows at Hermann have not changed since 1929, it appears 
that peak stages, annual flow, and annual minimum one-day flows have 
been increasing.
Although there are no time trends present in annual flows in the 
Mississippi River during the period 1914 through 1964, statistical 
indications are that peak annual flows and annual minimum one-day flows 
may be increasing. There are no discernible time trends in flows of 
the Illinois River at Meredosia, Illinois during the period 1939 and 
1970. In the Mississippi River at Alton, Illinois there appears to be 
an increase in both annual peak and annual flows between 1927 and 1976. 
However, there are no time trends for annual one-day minimum flows 
over the same period.
In the Middle Mississippi River at St. Louis, Missouri and at 
Chester, Illinois, patterns of peak stage responses are suggestive of 
an uptrend in the period 1929 through 1976. However, there are no 
discernible time trends in annual peak flows during the same time 
period. Time trends are absent from responses of the Meramec River 
near Eureka, Missouri for the period 1922-1926. Neither peak annual 
stages nor annual peak flows exhibit systematic time-dependent behavior 
in the Mississippi River at Thebes, Illinois.
5The state of the art of hydrology is such that quantitative 
evaluation of hydrologic responses to land use changes is not presently 
possible at the scale envisioned by this study. In fact, in many cases, 
it is not possible to positively show that change is taking place 
even though results of elementary statistical analysis may be suggestive 
of change. Because of these factors, and because types of information 
which should be extracted from remotely sensed imagery or photography 
are presently unknown, attempts to establish a baseline condition for 
the study area should be deferred.
A history of the settlement of the study area with emphasis on 
types and locations of land and water-use practices and on narrative 
accounts of life and commerce on and along rivers should be undertaken. 
This information would be helpful for interpretation of early and 
contemporary streamflow records. This information would also be 
helpful if, in the future, a decision is made to attempt an evaluation 
of hydrologic responses to land-use changes relative to some baseline 
condition for the study area. The study should be conducted by a 
professional historian. Professional hydrologists and/or potamologists 
should help design the study and provide technical input.
Quantitative evaluation of the effects of human activities on 
rivers and on watersheds upstream from St. Louis on responses of the 
Middle Mississippi River will require a commitment of decades. Such a 
program should not be designed or implemented 1) until it can be shown 
how results would be relevant to specific problems associated with design, 
construction, or operation of navigation and flood control works and
62) until ways can be postulated to show how knowledge of the relations 
between man's activities and river responses will serve to mitigate 
or more effectively control those problems.
7INTRODUCTION
Exploration of the midwestern and much of the western United States 
began in the late 18th century with expeditions along major rivers of 
the mid-continent. Earliest permanent settlements were adjacent to 
the rivers which provided a reliable source of water and lines of 
communication with cities and ports in theeastand south. What began 
as isolated outposts in support of the fur trade was followed inexorably 
by agricultural and industrial exploitation of the land. The steam­
boat turned the major rivers of the mid-continent into commercial 
thoroughfares with the result that agriculture and industry adjacent 
to these rivers blossomed. With the advent of the train, and then the 
automobile, commercial dependence on the rivers as primary means of 
transportation decreased and development of land resources away from 
the major rivers was accelerated.
Human exploitation of the land resources was, and continues to be, 
accompanied by modification of the terrain. At the same time, in order 
to protect and enhance pursuit of life in population centers which 
developed on flood plains of the rivers, a systematic effort was made 
to control the rivers themselves through construction of dams, dikes, 
revetments, levees, floodways, and navigation facilities. Until the 
dust bowl experience of the 1930's, agricultural development on water­
sheds had been largely a process of land clearing followed by 
cultivation. Since the 1930's there has been a massive effort to 
implement soil and water conservation on agricultural lands through 
crop and pasture rotation, strip cropping, contour cultivation, 
terracing, mulching, and construction of check dams, farm ponds, and
8the like. Until the late 1950's and even into the 1960's, management 
of commercial forest land and strip mining areas was in essence a process 
of land denudation with little effort expended toward the concept of 
sustained yield or reclamation. While dollar economics held exclusive 
sway over land and water resource policies through the 1950's and 
early 1960's, relatively recent concerns of environmental, social, and 
energy issues have resulted in reevaluation of those policies.
Some of the effects of terrain modification and water resources 
development projects in watersheds of the Mississippi River Basin on 
flow, stage, and quality of water in rivers of the Basin have been 
documented. Cause and effect can be demonstrated between discharge of 
municipal and industrial effluents, agricultural runoff, and accidental 
spills of pollutants in certain localities, and water pollution in 
rivers. It can also be demonstrated in the case of many dams that flood 
hazards downstream have been significantly reduced. In other examples 
changes in the hydrologic regime have been documented, but precise 
causes of the changes have not been identified. For instance, the 
distribution and volume of rainfall over metropolitan St. Louis, Missouri, 
and its environs have changed with respect to the surrounding areas. 
Although the changes appear to be related to the heat absorption prop­
erties of the urban terrain as opposed to vegetated areas, it is unclear 
just how the mechanism works. Another example is the turbidity reduction 
which has been documented in the Missouri River (Munger, et. al, 1974).
The relative contributions of upstream reservoirs, improved agricultural 
practices, upgrading of effluent treatment practices, the bank revetment 
program, and possibly other as yet unidentified factors to this effect 
are unknown. It has been alleged that levee construction and river
9stabilization works have exacerbated flood stages and it has been 
suggested that flow regulation by reservoirs could alter river morphology 
in such a way that the within-banks capacity is reduced.
It is clear that man can, and often does, modify the hydrologic 
regime of an area when seeking to develop its land and water resources. 
However, the total number of ways in which the hydrologic regime may 
be altered are seldom known in advance with respect to either degree 
or direction. This is because implementation of any single project 
results in rather specific responses while the aggregate effect of 
various developments or projects on the hydrology of a watershed may 
be either complementary or opposing, such that the net effect on river 
stage, flow rate and volume, and water quality are unknown.
Because nature is a dynamic entity, flow and water-quality 
characteristics of a river will change with or without the outside 
influence of man. Change in itself is neither good nor bad and only 
takes on these connotations within the context of the changing values 
of society. Because these values change, long-term management policy 
for the Mississippi River must be flexible. To achieve flexibility, 
it may be necessary to consider river responses to watershed modifications 
as well as those caused by activities in and contiguous to the river.
To this end, this study was conducted to formulate a course of action 
which would ultimately lead to a quantitative understanding of the 
impact of land development, land use practices, and construction and 
operation of river control structures on flows, stages, and quality of 
the Middle Mississippi River and its major tributaries.
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AREA DESCRIPTION
The study area encompasses approximately 717,000 square miles 
upstream from Thebes, Illinois. It is comprised of all or part of 
13 states and the southernmost parts of the provinces of Alberta and 
Saskatchewan, Canada (Figure 1) and has a varied topography. The area 
is bounded on the west by the eastern slopes of the Rocky Mountains.
It also includes most of the Great Plains, the lake lands of Minnesota, 
and about half of the Missouri Ozarks. The Missouri River marks the 
approximate southern limit of the continental glaciation which occurred 
approximately 70 or 80 thousand years ago.
The area is primarily agrarian having only 11 metropolitan areas 
with populations exceeding 100,000. Less than one percent of the total 
land is in urbanized areas with populations of 50,000 or more. By 
comparison, about five percent of the nation's total land is in 
concentrated urbanized areas (McPherson, 1974).
Geraughty, et. al. (1973) show that average annual precipitation 
decreases from about 20 inches along the crest of the Rocky Mountains 
to about 15 inches on the adjacent valley floors. Average annual 
runoff varies from about 20 inches along the crest to about one inch 
in the adjacent foothills and valleys. Average annual precipitation 
increases in a reasonably uniform pattern from 15 inches in the western 
Great Plains in a southeast direction to about 42 inches in southern 
Missouri and Illinois. However, average annual runoff is only about 
one inch over most of the Great Plains. It then increases from about 
5 inches to 15 inches in easterly and southerly directions in the lower 
Missouri and Upper Mississippi River Basins, respectively.
II
FIGURE I. MIDDLE MISSISSIPPI RIVER BASIN.
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The Missouri River is about 2,400 miles in length and drains 
nearly 75 percent of the study area. However, in terms of average 
annual flow of the Mississippi River at St. Louis, only about 45 percent 
is derived from the Missouri River, whereas about 55 percent is derived 
from the Upper Mississippi River. This is a manifestation of the 
precipitation/runoff distribution patterns discussed in the previous 
paragraph.
Peak streamflows usually occur in March and April in the 
Upper Mississippi River Basin and in the plains north of the Platte 
River Basin. Streams draining the eastern slopes of the Rocky Mountains 
usually experience peak flows during June in association with melting 
snow brought on by warm spring weather. Most streams in the Missouri 
River Basin and that part of the Upper Mississippi River Basin north 
of Iowa and Illinois experience lowest flows during January and February 
when the weather is coldest and most precipitation is in the form of 
snow. In southern Missouri and the southern part of the Upper 
Mississippi River Basin lowest streamflows usually occur during August 
or September when precipitation is a minimum and vegetation is still 




Evaluation of the effects of land development, land use practices, 
and construction and operation of river control structures on stage, 
flow, and guality of rivers requires that each of these factors be 
measured or appropriately documented. Furthermore, the possible asso­
ciations between human activity and river response must be demonstrated 
and quantified. In terms of size of the study area alone, this is a 
formidable task. When the variation in natural factors such as soils, 
topography, vegetation, and weather patterns are considered, together 
with the diversity of human activities which have the potential for 
significant alteration of the hydrologic regime, the problem becomes 
immensely more complex.
Inter-institutional arrangements for collection, publication, and 
analyses of data relevant to the problem at hand do not readily lend 
themselves to a comprehensive approach. For instance, the U.S. Forest 
Service, the Bureau of Land Management, and the U.S. Soil Conservation 
Service (to name only three) amass an incredible amount of land use data 
and implement these data into multiple use management plans for lands 
under their respective jurisdictions. The great preponderance of the 
data reduction exists in the form of maps and overlays, working documents, 
and other in-house publications designed to standardize and/or facilitate 
accomplishment of the agency mission. These agencies are organized in 
large part to perform their missions within geopolitical boundaries such 
as states or counties. While this no doubt serves effectively in the 
performance of agency mission, it disaggregates cause and effect information
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which may be relevant to the objective of this study. It is unrealistic 
to consider duplicating and assembling data from these and other Federal 
and State mission agencies in the study area. However, because of their 
historical potential, it is important to remember that such data exist.
Weather is the driving force for hydrologic processes and stream 
responses are manifestations of those processes. Even during relatively 
stable periods such as have been experienced during the past few decades, 
weather can be extremely variable from year to year. The variation is 
often of sufficient magnitude to mask any effects which man's activities 
may have wrought on precipitation-runoff relations. Therefore, years 
or even decades of observation may be required to identify and/or verify 
changes in stream regime at any single location. To determine the 
magnitude of the 10-year and 100-year floods (and presumably droughts) 
with a 10 percent error may require records of 90 years and 115 years, 
respectively (Glos and Krause, 1967).
Nearly every modification that man imposes on the landscape or in 
the rivers has an effect on the local hydrologic regime which can be 
measured within a short period of time; within a few years at most.
For instance, dams reduce flood peaks in individual streams. Dikes may 
induce sedimentation in one location and induce scour in another. 
Implementation of soil conservation practices on a particular watershed 
may result in reduced soil erosion and reductions in both peak rate and 
volume of runoff from a storm of given intensity and duration. On the 
other hand, harvesting procedures on a forested watershed may result in 
increased volumes of annual runoff. Conversion of cultivated land to 
urban use usually results in runoff hydrographs with higher peak rates
15
and shorter durations. The list may be extended ad infinitum, but the 
above examples hint at the variety of ways in which man may induce a 
measureable watershed response.
When considered on an individual basis, projects such as those 
mentioned in the previous paragraph are of a type that are implemented 
within a short period of time and produce relatively permanent altera­
tions in the local hydrologic regime. However, if the area under consider­
ation is enlarged so that the point of focus is a stream which receives 
runoff from an area subjected to a number of watershed modifications, 
it is not clear what the net effect will be on any particular type of 
river response.
Land modification and land use is determined largely by economics 
and legal constraints, not because of anticipated hydrologic effects per 
se. Thus, the amount of land under cultivation will vary with the 
Federal price support program for agricultural produce and cultivated 
land is converted to pasture and vice versa in accordance with the price 
of beef. These type of changes will have an oscillatory effect on 
precipitation-runoff relations. Technological breakthroughs and advance­
ments in science affect the way the land is managed in unpredictable ways.
The paradox is clear. Because of annual weather variability, long 
periods of time are required for identification and quantification of 
changes in hydrologic regimes as manifested by river responses. However, 
man exerts his influence on land and rivers within short spans of time 
with varying intensity and at various scales and locations. Therefore, 
on a macro-scale such as the study area or any of its major sub-basins, 
man's potential for changing precipitation-runoff relations changes 
faster than the contemporary technological ability to identify and 
quantify the changes which may result.
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Land Use Data
Apparently, there is no single, comprehensive work which describes 
in detail the chronology of settlement of lands of the Middle Mississippi 
River Valley. No doubt various history texts give accounts of the 
settlement of the Midwest and West and the major forces which gave 
impetus to and shaped the development of these land. However, to deter­
mine in general how alteration of the land may have influenced precipi­
tation-runoff relations, it is necessary to have information pertinent 
to those processes. Weather descriptions; descriptions of the appearence, 
nature, and character of streams; locations and extent of settlements; 
methods of farming, mining, and land clearing practices; all set forth 
in chronological sequence might lead to a great many inferences pertaining 
to the character of the land and the nature of runoff in the study area. 
Such an undertaking as this would necessarily require the services of 
a professional historian.
In the absence of narrative history, aerial photographs and remote 
sensing imagery hold the greatest potential for documentation of the 
evolving character of the land. However, to be useful for evaluation of 
precipitation-runoff relations for drainage basins which are thousands 
of square miles in aerial extent, the photographic coverage must be 
reasonably representative of a fixed point in time. This minimizes the 
chances of major changes occurring in the basin during the interval of 
time required for complete coverage of the area of interest.
The oldest existing photography which provides coverage of the 
entire study area is available through the Agricultural Stabilization 
and Conservation Service (ASCS), U.S. Department of Agriculture. This 
photography is flown on a county-by-county basis for each state. Prior
17
to 1970, the photography was flown almost exclusively at a scale of 
1:20,000 with an 8 1/4-inch lens on panchromatic film. During the 
1970's, a considerable amount of the photography was at a scale of 
1:40,000 taken with a 6-inch lens.
Table 1 shows time intervals for which complete ASCS photographic 
coverage was achieved for each state in the Middle Mississippi River 
Valley. U.S. Geological Survey maps at scales of 1:500,000 were 
obtained for each state (except Minnesota) and the drainage divide was 
delineated, as appropriate, for the entire study area and for the 
Upper Mississippi and Missouri River Valleys. Counties within the 
study area were taken from the maps and listed by state according to 
its location in either the Missouri or Upper Mississippi River Basin. 
The ASCS Comprehensive Listing of Aerial Photography (revised July 1, 
1975) was used to tabulate the dates and the number of photographs 
taken on each date in each county.
Time intervals for which complete photographic coverage exits 
for each state in the Middle Mississippi River Valley
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- 55-57 61-63 67-70
48-51 54-56 60-62 66-68
49-54 55-59 - 65-69
50-55 56-60 63-67 63-67
- 54-58 - 64-69
- 54-58 63-67 63-67
50-53 57-61 - 64-68
- 54-58 61-65 67-71
- 54-58 58-61 64-69
54-61 63-71
49-54 55-61 59-63 65-69
51-54 57-58 63-65 71-73
49-53 54-58 61-65 67-72
50-53 56-59 62-66 66-70
49-52 55-58* - 65-69
49-54 54-61 65-73
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The earliest interval for reasonably complete coverage of the 
entire study area is 1954-1961. This is also the earliest interval of 
complete coverage for the Missouri River sub-basin. The period 1949-1954 
is the earliest interval of complete coverage for that part of the study 
area directly tributary to the Mississippi River. The next earliest 
interval of complete coverage of the study area is 1963-1973 with the 
preponderance of photographs taken between 1964 and 1970.
The U.S. Geological Survey (U.S.G.S.) maintains a computerized file 
of remote sensing imagery flown for the U.S.G.S., Bureau of Reclamation, 
Bureau of Land Management, National Aeronautics and Space Administration, 
Earth Resource Technology Satellite (ERTS) program, Army Map Service,
U.S. Air Force, and the Skylab manned spacecraft program. A computer 
listing of all good quality imagery with cloud cover of 10 percent or 
less was obtained for latitude 36 N to 39 N and longitude 89 W to 91 W, 
the Middle Mississippi River and adjacent land. The listing contained 
approximately 1,000 entries. However, for the post-1970 period, the 
only complete coverage was that provided by the ERTS imagery.
Beginning in July, 1972 and continuing to the present, the entire 
study area is covered by ERTS imagery. Most of the imagery is collected 
by a four-channel Multi-Spectral Sensor (MSS) with each channel sensitive 
to a different band of electromagnetic radiation. The other common, but 
less frequently used type of sensor is the Return Beam Vidicon Camera 
(RBV) which receives almost the same range of electromagnetic radiation, 
but in three bands instead of four. Table 2 shows the frequency band 
for numbered channels of each type of sensor.
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Table 2: ERTS Sensor Specifications
MSS RBV
Channel Frequency Range Channel Frequency Range
4 0.5 - 0.6
5 0.6 - 0.7
6 0.7 - 0.8
7 0.8 - 1.1




0.475 - 0.575 ym 
0.580 - 0.68 ym 
0.69 - 0.83 ym
Note: 0.7 ym - 1.1 ym is reflectance (near) infrared radiation. 
Visible light is in the range of 0.35 ym - 0.7 ym.
Imagery scale for both types of instruments is 1:1,369,000 and the 
coverage of each frame is 115 miles on a side. Ground resolution is about 
230 feet for the MSS and about 300 feet for the RBV. Along any parallel 
of latitude in the study area, the western boundary progresses about 105 
miles further west each day (a 10 percent overlap). Every 18 days, the 
same area is covered at the same time of day.
A computer search of existing imagery may be obtained by completing 
an inquiry form (Appendix 1), and forwarding it to the nearest facility 
listed on the form. On the form, it is possible to specify geographic 
corner coordinates of the area of interest, preferred type of coverage 
(black and white, color, or color infrared), time of coverage (year, 
season, or dates), minimum acceptable quality (very poor, poor, fair, or 
good), and maximum acceptable percentage of cloud cover. With the aid 
of the computer listing, it is possible to order photographs of the imagery 
in a specified frequency band or in a composite of two or more bands.
An excellent discussion of the state of the art of remote sensing 
technology and its uses in land and water resource evaluation is contained 
in A Base Line Study of the Missouri River: Rulo, Nebraska to Mouth Near 
St. Louis, Missouri, Volume 6 (Munger, et. al, August 31, 1974, pp. 1322-
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1367). Although the potential use of remote sensing as a hydrologic 
tool has been investigated to some extent, so far applications have 
proven limited. It has proven useful for snow pack determinations and 
for detection of certain lake and river pollution problems.
U.S. Geological Survey "Land Use/Land Cover and Associated Maps" 
are another source of data which have future potential for determination 
of the effects of land use changes on runoff in the Middle Mississippi 
River Basin. The land use/land cover maps are prepared mostly from 
remotely sensed data at a scale of 1:250,000 to coincide with Army Map 
Service topographic sheets. Mapping units represent nine major categories 
of land use or cover, each of which are subdivided into two to seven 
categories. All seven levels of the Urban or Built-up Land category, 
all four levels of the Water category, the confined feeding operations 
and the other agricultural land levels of the four levels in the Agricul­
tural Land category, and the strip mines, quarries, and gravel pits level 
of the Barren Lands category are mapped at a minimum unit size of ten 
acres. All other categories are mapped in minimum units of 40 acres. Of 
112 sheets planned for the study area, 11 are known to have been completed 
by July, 1977. Associated maps of Federal Land Ownership may also be 
useful when used in conjunction with land use/land cover maps to determine 
effects of changes in land use on runoff.
U.S. Geological Survey Professional Paper 964 (1976) discusses the 
land use/land cover maps. These maps are available as film positive on 
clear mylar or matte base, on diazo foil, or on paper diazo. Maps for 
Montana, Wyoming, and Colorado may be ordered from the Rocky Mountain 
Mapping Center, Denver Federal Center, Lakewood, Colorado 80225. The
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remainder may be ordered from the Mid-Continent Mapping Center, P. 0.
Box 133, 1400 Independence Road, Rolla, Missouri 65401. Indexes to 
completed mapping are available from either center.
Flow and Water Quality Data
The U.S. Geological Survey (U.S.G.S.) maintains gaging stations 
and publishes records of discharge or stage of streams and contents or 
stage of lakes and reservoirs for several hundred locations throughout 
the study area. Records prior to water year 1961 were published in 
an annual series of water supply papers entitled "Surface Water Supply 
of the United States." The specific volumes pertinent to the study area 
are entitled "Missouri River Basin above Sioux City, Iowa," "Missouri 
River Basin below Sioux City, Iowa," and "Hudson Bay and Upper Mississippi 
River Basin." Commencing with water year 1961 and continuing through 
water year 1970, records were published in Water Supply Papers (titled 
as above) for five-year increments, 1961-1965 and 1966-1970, instead of 
the annual series. Commencing with water year 1961, records were also 
published on a state-boundary basis in volumes entitled "Water Resources 
Data for state name." Beginning with water year 1975, the state­
boundary basis will be the exclusive means for publishing these data.
Data for rivers and streams include momentary maximum flow rate, 
maximum stage, mean daily flow, and summations and averages according 
to month, water year, and calendar year. For stations on the Mississippi 
River, mean daily stages are also published along with the maximum and 
minimum for each month. Other information includes station location, 
drainage area, type and datum of gage, period of record, average flow 
rate, extremes of record, and miscellaneous comments pertaining to 
accuracy of the records and factors which influence flow at the station.
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The longest record of systematic observations of river stage 
in the area is in the Mississippi River at St. Louis where observations 
began in January, 1861. A few other stations on the Missouri and Upper 
Mississippi Rivers have stage records which begin in the period between 
1870 and 1900. However, the earliest water-stage recorder was installed 
at Hermann, Missouri on March 28, 1932. Therefore, continuous records 
of stage are a comparatively recent development at those stations for 
which length of record is published as 80 years or more. This can be 
very misleading when comparing early records with later ones because 
mean daily stage is likely to be quite different from that inferred 
from a few (probably one or two in most cases) discrete observations 
during the work day. Peak stages recorded prior to installation of con­
tinuous recorders may also be suspect unless a technique similar to that 
used at crest stage gages was used.
The longest published period of record for discharges is 116 years 
for the Mississippi River at St. Louis. Periods of more than 75 years 
are published for several other stations in the study area. Apparently, 
the discharge record has been extended back in time primarily on the 
basis of stage records at those stations. Because 1) of changes in stage- 
discharges relations of alluvial rivers from season to season and year 
to year, 2) river stages were not continuously measured until 1932, and 
3) discharge measurements prior to 1930 were few during most years, 
accuracy of the pre-1930 discharge record must be relatively poor compared 
to the post-1930 record.
The value of such records for the conception and design of hydraulic 
structures in the study area cannot be disputed. However, changes in
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stage and discharge behavior which result from man's influences are 
likely to be subtle. Records which are not comparable in terms of 
accuracy or records which are discontinuous are likely to lead to 
erroneous inferences regarding the temporal pattern of peak, mean, 
and/or minimum stages and discharges.
The earliest published record of a discharge measurement in the 
study area is for the Mississippi River at St. Louis on August 4, 1866 
followed closely by a measurement at St. Paul, Minnesota on September 24, 
1866. The method of measurement at St. Louis is unknown, but some type 
(unknown) of current meter was used at St. Paul. For several stations 
in the study area, the published period of record for discharges extends 
back into the 1800's. However, until the early 1930's, measurements 
at most stations were made by a combination of methods and eguipment 
which included several different types of floats and current meters.
Prior to 1930 at any given station, few (generally less than 12), if 
any, actual discharge measurements were made during most years. During 
intermittent years, enough measurements were made to establish reasonably 
accurate stage-discharge relations. However, there were insufficient 
discharge measurements at any station to establish a continuous, accurate 
measurement-based record of flows extending more than a few years back 
in time from 1930.
Water-quality data in the study area are much fewer and length of 
record is usually much less than for streamflows. Water-quality data 
are published regularly by the U.S.G.S. in the same manner as previously 
explained for streamflow data. Types of water-quality data include 
biological, microbiological, chemical, sediment, and water temperature. 
Biological data consist primarily of identification of phytoplankton 
extant at the station and a determination of their concentrations.
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Microbiological data consist primarily of determinations of coliform, 
fecal coliform, and streptococcic bacteria concentrations. Chemical 
data refer to determinations of specific conductance, pH, turbidity, 
color, and concentrations of conservative ionic constituents, nutrients, 
chemical oxygen demand, dissolved oxygen, pesticides, and radioactive 
nuclides. In the study area, sediment data published by the U.S.G.S. 
almost always refer to suspended sediment and consist of concentration, 
discharge rate in tons per day, and percentage with diameters less than
0.062 millimeters.
The U.S. Army Corps of Engineers also collects sediment samples 
at six stations on the Missouri River between Sioux City, Iowa and 
Hermann, Missouri. Samples were also collected at Yankton, South Dakota 
between March 31, 1939 and June 26, 1969 and at Booneville, Missouri 
between August 18, 1948 and September 18, 1951. These data include 
analyses of both suspended sediment and bed load. Of the six stations, 
earliest sampling program began at Omaha, Nebraska in May, 1939 and the 
most recent began at Nebraska City, Nebraska in August, 1957. All 
known Missouri River sediment-data prior to 1976 have been placed in the 
Missouri River Computerized Data Bank (Stevens, 1977). Subsequent data 
are on file in Corps of Engineers District Offices in Kansas City, 
Missouri and Omaha, Nebraska.
Where a particular category of data is indicated in a U.S.G.S. 
publication as being present at a station, it means only that at least 
one type of determination is made. Also, all determinations made at a 
particular station during a particular year are not necessarily made 
every year. Although there are a few stations where continuous water- 
quality records begin in the 1940's, continuous records at the great 
majority of stations in the study area are ten years or less in length.
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Water-quality data are representative of flow conditions which prevailed 
during sampling. With very few exceptions, frequency of sampling is 
variable both between stations and at a station. Therefore, unlike 
streamflow data, the average and extremes for any period are representa­
tive only of conditions encountered by an observer. Except where time­
intensive surveys have been made, the average and extreme conditions 
which are reported will not be those which actually occur in the stream 
except by chance.
The relative paucity of water-quality stations in the study area 
and the generally short periods of record made analysis of change tenuous 
at this time. Although an exception is the Missouri River below Sioux 
City, Iowa where turbidity and suspended sediment concentrations have 
been reduced by as much as 50 percent since 1958 (Munger, et. al, 1974), 
apparently no such claim has been made for other water-quality parameters. 
It is likely that identification of changes in water quality is further 
complicated by the discrete nature of most water-quality sampling. 
Climatological Data
Climatological data are published for each state by the National 
Oceanic and Atmospheric Administration (N.O.A.A.) of the U.S. Department 
of Commerce. Data are published monthly with an annual summary at the 
end of each year. Monthly and annual summaries both show station 
elevation and location according to latitude/longitude, county, and 
drainage basin. Monthly summaries contain for each station 1) daily 
precipitation, 2) maximum and minimum daily temperatures, 3) wind and 
evaporation and 4 ) a summarization of temperature and precipitation data 
for each station for the month. Annual summaries contain for each station
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1 ) average monthly and average annual temperatures and their departures 
from the normal, 2 ) total monthly and total annual precipitation and 
departures from the normal and 3) total evaporation and wind movement. 
Other climatological data are included in both summaries, but they are 
usually not observed except at relatively few stations and,as a rule, 
are not directly relevant to precipitation-runoff relations.
Because stations with long periods of climatological records are 
voluminous in the study area and because the procedures for observing, 
reporting, and publishing these records have been reasonably well stan­
dardized for many years, no effort was expended as a part of this study 
to critically analyze either the quality of the data or length of record. 
It is known that precipitation records in the Missouri River Basin 
extend as far back as 1874 (Missouri River Basin Comprehensive Framework 
Study, 1971). Also, the N.O.A.A. (formerly Weather Bureau) considered 
that the density of stations was sufficient to characterize each 
climatological division of the study area by an average for both monthly 
and annual temperature and precipitation as early as 1931.
Research Drainage Basins
Small drainage basins in the United States have been used as 
outdoor hydrology laboratories for many years. Although as many as 1,000 
drainage basins were at one time instrumented and studied, probably no 
more than a few hundred are under study today (U.S. National Committee 
for the I.H.D., 1977). The general objectives of studies conducted in 
these basins have included 1 ) attainment of a better understanding and 
definition of hydrologic processes, 2 ) evaluation of the effects of land 
use on hydrologic processes, and 3) to define regional hydrologic 
characteristics. The appeal of drainage basin research lies in the 
opportunity to study hydrologic processes in the natural setting instead
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of artificially contrived, scaled down models. The hope of 
drainage basin research is that results will be widely transferable 
outside the research basin.
As part of the program of the International Hydrologic Decade 
(IHD), 1965-1974, 60 representative and experimental basins were 
suggested for the United States network of IHD stations. It was 
required that these stations be active throughout the Decade and that 
data from these basins would be available for international dissemina­
tion. These basins were neither initiated nor funded by the IHD, but 
were part of ongoing studies being conducted by various Federal and 
State agencies and universities in conjunction with water resources 
development in the United States.
Basins were categorized as being representative or experimental.
The general objective of representative basins is development of 
procedures for predicting and evaluating effects of alternative 
management practices on the soil and water resources of basins within 
the same hydrologic province. Objectives of studies in experimental 
basins are one or more of the following: 1 ) determination of relation­
ships between vegetative cover and streamflow characteristics, 2 ) 
determination of relationships in the rainfall-runoff process, 3) 
correlation of runoff rates with drainage basin characteristics and 
climate, 4) examination of the effects of land use on water yield,
5) investigation of land-use practices and land reclamation on water 
quality, and 6 ) modeling convective storms and analyzing flood 
hydrographs. Basin location and altitude; description of the physio­
graphic province, region, and basin; a list of equipment in the basin; 
objectives of basin studies; and the name and address of the organization
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in charge of each basin is published in "Representative and Experimental 
Research Basins in the United States" (U.S. National Committee for the 
IHD, 1969). Significant results as of 1972, a list of reports, and 
availability of data by type and length of record are published in 
"International Hydrological Decade Representative and Experimental 
Basins in the United States: Catalog of Available Data and Results 
1965-1972" (U.S. National Committee for the IHD, 1974). Table 3 lists 
representative and experimental basins in the study area.
Although studies conducted in research basins have achieved many 
significant results, as a rule, most of this information has had neither 
wide dissemination nor wide application. The U.S. National Committee 
for the IHD (1977) has made an interim assessment of U.S. programs in 
research drainage basins. They draw the following conclusions:
1. Much basin research has been conducted with inadequate 
definition of the objectives and without consideration 
of the relations between objectives and accuracy of 
instrumentation, conceptual and institutional capabilities, 
or the feasibility of attaining desired results.
2. Research was often conceived without adequate consideration 
of physical, chemical, and biological interactions which 
take place in natural systems.
3. The need for interdisciplinary cooperation and coordination 
has not been appreciated in development and prosecution of 
basin research.
4. Some research appears to have been promulgated for the 
purposes of obtaining data for models rather than for 
addressing the broader issue of testing hypotheses about 
hydrologic processes.
5. Nationwide assessments of relations between hydrology 
and land use are derived from results of many unrelated
studies whose objectives may have been quite different 
from establishment of hydrology/land use associations.
29
Table 3: Representative and Experimental Basins in the Middle Mississippi River Valley
IHD 
Map No Basin Name Basin Type Location
Ri ver
Drainaqe Basin Area Organization in Charge




Mississippi 22 mi2 Illinois State Water Survey, 
Urbana, IL.
15 Ralston Creek 
Basin, IA
Experimental 42° 91° 
30'
Mississippi 6 mi2 Iowa Institute of Hydraulic 
Research, Univ. of Iowa, 
Iowa City, IA.







U.S. Department of Agriculture 
Agriculture Research Service, 
Soil and Water Research Division 
North Central Watershed Research 
Center
P. 0. Box 916, Columbia, MO.




Missouri 154 acres U.S. Department of Agriculture 
Agriculture Research Service, 
Soil and Water Research Division 
North Central Watershed Research 
Center
P. 0. Box 916, Columbia, MO.




Missouri 496 acres Rocky Mountain Forest and Range 
Experiment Station, 240 West 
Prospect, Fort Collins, CO. 
Rocky Mountain Forest and Range 
Experiment Station, South 
Dakota School of Mines, Rapid 
City, SD.
19 Wayne's Creek 




Missouri .094 to 
.17 mi2
Rocky Mountain Forest and Range 
Experiment Station, Fort 
Collins, CO.
Rocky Mountain Forest and Range 
Experiment Station, Univ. 





Map No Basin Name Basin Type Location
Ri ver





Missouri 6.3 mi2 Rocky Mountain Forest and Range 
Experiment Station, Fort 
Collins, CO.
Rocky Mountain Forest and Range 
Experiment Station, Univ. 
Station, Box 3313, Laramie,
WY 82070.








Rocky Mountain Forest and Range 
Experiment Station, Fort 
Collins, CO.
Rocky Mountain Forest and Range 
Experiment Station, Univ. 
Station, Box 3313, Laramie,
WY 82070.









Missouri 90 mi2 Department of Watershed 
Management, Colorado State 
University, Fort Collins, CO 
80521.
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6 . There is little understanding of the reasons for 
similarities or differences in hydrologic responses 
between basins having similar landforms, climate, 
geology, vegetation, and land use.
7. Unpublished data and results from research basin studies 
are not readily available to interested researchers.
It should be noted that the Committee intended the assessment 
as constructive criticism, not as an indictment of research in repre­
sentative and experimental basins. The Committee made specific rec­
ommendations for overcoming pitfalls which were noted above. However, 
they did not offer suggestions for ways of implementing their recom­
mendations .
Research basins have had their detractors prior to the IHD interim 
assessment (see Ackermann, 1966 and Slivitzsky and Hendler, 1964) and 
on grounds other than those noted above. Briefly, the assertions are
1) that experimental watersheds are costly, 2) they leak, 3) they are 
unrepresentative, 4) changes in hydrologic responses induced by land- 
use changes are too small for detection, 5) results are not easily 
transferable, and 6 ) various forces acting on the watershed are integrated 
such that individual processes are not easily discernible. Hewlett,
Lull, and Reinhart (1969) offer persuasive rebuttals to these arguments, 
discuss alternatives to research basins, and cite contributions from 
experimental watersheds. In terms of the latter, perhaps the most 
important are advances brought about in the area of scientific hydrology 
which call into question the advisability of unrestricted application of 
the concepts of infiltration theory, unit hydrograph theory, and ground 
water as the primary source of baseflow in streams. In spite of 
successes in some areas of research, there has been little demonstrated 
success in quantifying relations between land use and runoff and
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transference of those results to other basins. Hewlett, et. al (1969) 
claim that progress in this regard is demonstrable. Results of research 
on forested watersheds would seem to support that claim.
International Hydrologic Decade Networks
As part of the IHD program, a number of climatological, water- 
quality, and streamflow stations were selected to form a network to 
indicate changes in climate and water supply, to distinguish between 
natural and man-induced changes in water supply, to aid in tracing 
droughts and wet periods, and to develop a standard against which 
hydrologic events in regions and sub-basins can be evaluated. Of 
particular relevance to this study is the establishment of a network 
of Hydrologic Bench-mark Stations and Vigil Stations.
Hydrologic Bench-mark Stations provide hydrologic data from areas 
which are relatively free from man's influence. Data from these 
stations include stream stage and discharge, channel and flood plain 
characteristics, water chemistry, and suspended sediment. Basic data 
can be obtained from the U.S.G.S. District Office in the state where 
the station is located. In annual water resources data publications, 
Hydrologic Bench-mark Stations are listed as such in parenthesis below 
the station name. Table 4 lists Hydrologic Bench-mark Stations in the 
Middle Mississippi River Basin as of 1972.
Vigil Stations are designed to reflect long-term changes in land­
scape features in typical environments which are likely to be affected 
by nearby cultural influences. This type of information may ultimately 
result in a more quantitative understanding of the indirect ways by 
which man may alter the hydrologic regime. Survey records from Vigil 
Stations are kept on file in the U.S.G.S. Library in Washington, D.C. 
Table 5 lists Vigil Stations in the Middle Mississippi River Basin in
1972.
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Table 4: Hydrologic Bench-mark Stations in the Middle Mississippi River Basin
(Taken from Catalog of International Hydrological Decade Stations and 
Networks in the U.S., 1972)






North Fork White- 
water River





Montana Missouri 48°48'N 
113°39 'W
31 1963
















Table 5: Vigil Stations in the Middle Mississippi River (Taken from Catalog 
of International Hydrological Decade Stations and Networks in the 
U.S., 1972)









0.1 Vegetation changes, 
mass movement.




6 .8 Channel change.
Seven Mile Creek 
near Osceola, IA
Missouri 41°02 'N 
94°00'W
6 .8 Channel change.










0 .0 2 Erosion, channel 
change.
Muddy Creek near 
Syracuse, NB
Missouri 40°35 *N 
96°15'W
45.2 Channel change, 
scarp recession.










0 .0 2 Erosion, channel 
change, mass move­
ment, climatologic.




-- Channel change, 
mass movement.
Prairie Pothole 
5 near Forbes, SD
Missouri 47°04'N 
99°05 'W
0.25 Vegetation change, 
climatologic.




-- Erosion, mass 
movement.
Near Dark Gully 
near Arvada, WY
Missouri 4 4 0 4 1'N
106°05'W
0 .01 Erosion, vegetation 
change, channel 
change.




— Erosion, Channel 
change.
Drainage Area 1 











Drainage Area 2 
near Lance Creek, WY
Missouri 43°03'N 
104°37'W
- - Erosion, channel 
change.




”  — Erosion, vegeta­




Missouri 43°11 'N 
107°44 'N
0 .01 Erosion, channel 
change, mass move­
ment.
Little Popo Agie 




386 Channel change, 
hydraulic geometry.









Slope near Lander, 
WY









— Erosion, mass 
movement.





No. Grub Granite 
Slope near Lander, 
WY
Missouri 42°51 *N 
109°03'W
-  — Erosion, mass 
movement.




- - Erosion, mass 
movement.
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National Stream-Quality Accounting Network
The national stream-quality accounting network (NASQAN) was 
designed by the U.S.G.S. and implemented in 1975 in an effort to 
provide information for agencies involved in water-quality planning 
and management. Objectives are 1) to depict aerial variability of 
streamflow and water-quality conditions on an annual basis and 2 ) to 
detect and evaluate long-term changes in stream water quality. 
Categories of data collected at these stations are discharge; chemical, 
biological, and microbiological quality; and suspended sediment. 
However, not all categories of data are collected at every station. 
Table 6 lists those NASQAN stations in the Middle Mississippi River 
Bas i n .
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Table 6 : U.S.G.S. National Stream-Quality Accounting Network Stations in 
the Middle Mississippi River Basin (Except where otherwise noted, 
years are post-1900)
Missouri River Basin
Station No. Station Name




























Missouri River at Loston, MT
Missouri River at Virgelle, MT 
Musselshell River at Mosby, MT 
Missouri River below Fort Peck Dam, MT 
Milk River at Nashua, MT
Missouri River near Culbertson, MT
Yellowstone River at Billings, MT 
Bighorn River at Bighorn, MT
Longue River at Miles City, MT
Powder River near Locate, MT
Yellowstone River near Sidney, MT 
Little Missouri River near Watford City, 
ND
Missouri River at Garrison Dam, ND 
Knife River at Hazen, ND
Cannonball River at Breien, ND
Grand River at Little Eagle, SD 
Belle Fourche River near Elm Spring, SD 
Cheyenne River at Cherry Creek, SD 
Missouri River at Pierre, SD 
Missouri River at Fort Randall Dam, SD 
Niobrara River near Verdel, ND
James River near Scotland, SD
Big Sioux near Akron, IA 
Missouri River at Sioux City, IA 
North Platte River at Lisco
South Platte River at Julesburg, CO





'49-'53, Aug '59- 



































Table 6 : Continued
Period of Record
Station No. Station Name (Water Year)
06792499 Loup River Power Canal at Diverson near '73-Present
06796000
Genva, NB
Platte River at North Bend, NB Apr '49-Present
06805500 Platte River at Louisville, NB May '53-Present
06807000 Missouri River at Nebraska City, NB Aug '29-Present
06818000 Missouri River at St. Joseph, MO '69-Present
06877600 Smoky Hill River at Enterprise, KS '56-Present
06887000 Big Blue River near Manhattan, KS Oct '54-Present
06892350 Kansas River at DeSoto, KS July '17-Present
06902000 Grand River near Sumner, MO Aug '62-June '63,
06926510 Osage River below St. Thomas, MO
Aug '67-Present 
' 75-Present
























Mississippi River near Royal ton, MN 
Minnesota River near Jordan, MN 
Mississippi River at St. Paul, MN 
St. Croix River at St. Croix Falls, WS 
Chippewa River at Durand, WS 
Mississippi River at Winona, MN 
Wisconsin River at Muscoda, WS 
Mississippi River at Clinton, IA
Rock River near Joslin, IL 
Mississippi River at Keokuk, IA 
Des Moines River at St. Francisvil1e, MO 
Mississippi River below Alton, IL 
Big Muddy River at Murphysboro, IL 
Mississippi River at Thebes, IL 
Arkansas River near Coolidge, KS
Arkansas River at Dodge City, KS 
























Quantification of changes in river responses which are attributable 
to the human influence as opposed to those which would have occurred in 
the pristine setting is a formidable problem which may never be satis­
factorily resolved. However, it may be possible to gain some insights 
by comparing temporal precipitation patterns with temporal patterns of 
streamflow responses.
Figure 2 shows weighted average precipitation in the Missouri River 
Basin between 1874 and 1965. Precipitation values were taken directly 
from "The Missouri River Basin Comprehensive Framework Study" (Missouri 
Basin Inter-Agency Committee, 1969). Weighting was accomplished 
according to the Thiessen Polygon method. The data plotted on Figure 2 
are visually suggestive of a low-amplitude cycle with an approximate 
period of 20 years. There also appears to be a slight long-term decrease.
The correlation coefficient between weighted annual precipitation 
and time is -0.14. As tested both by Student's t and the Fisher Z 
transformation, the correlation coefficient may be regarded as differ­
ent from zero at the 10 percent level of significance. (There is less 
than a 10 percent chance that the correlation is nonexistant.) While 
this is hardly conclusive verification of a long-term decrease in basin 
precipitation, it does lend credence to such an interpretation. It may 
be that the oscillatory behavior tends to mask a downtrend. However, 
it is more important to note that the downtrend, if it exists, is very 
gradual and is only discernible because of the 92 years of record. When 








FIGURE 2 . WEIGHTED ANNUAL PRECIPITATION IN INCHES, MISSOURI RIVER BASIN, 1874-1965
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Figure 3 shows average annual precipitation in the Upper Missouri 
River Basin between 1931 and 1970. Figure 4 shows average annual pre­
cipitation in the Lower Missouri River Basin between 1931 and 1970.
Data for both figures were taken from Munger, et. al (1976). Although 
a slight increase in precipitation with time may be suggested by visual 
inspection of Figure 3, the correlation coefficient (0.19) is not 
significantly different from zero at the 10 percent level of significance 
according to the criterion of Student's t. The correlation between 
average annual precipitation and time in the lower Missouri River Basin 
is virtually zero. However, it is interesting to note that the low- 
amplitude cyclical behavior noted with respect to data in Figure 2 
appears to be preserved in Figures 3 and 4. Although average annual 
precipitation for the period 1971 through 1977 have not been calculated, 
it is known that 1975 and 1976 were drought years. Thus, the suggestion 
of a 20-year period on the cycle seems to remain valid.
Assuming static precipitation-runoff relations, the 1874-1965 
precipitation downtrend suggested by data shown in Figure 2 would 
result in an average annual runoff reduction of about 96,000 acre feet 
(1.25 in) in the Missouri River near St. Louis since 1874. This is an 
average decrease in mean discharge of about 520 cfs per year. Amplitudes 
of cycles suggested by data shown in Figure 2 are roughly 2 inches (4 
inches between troughs and peaks). Assuming static precipitation- 
runoff relations, this translates into a difference between drought 
flows and wet-cycle flows amounting to about 150,000 cfs in the Missouri 
River near St. Louis.
Figure 5 shows reservoir storage in the Missouri River Basin 
accumulated as of project starting data and also as of scheduled project 
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(I) I909 i PATHFINDER DAM , NO RTH  P L A T T E  R IV E R ;  1 ,134 ,000 a c - f t .  (2 ) B A G N E LL  DAM, OSAGE R IV E R , 1^ 2 7 , 0 0 0  ac - f t .
(3) FORT PECK DAM, MISSOURI RIVER, 19,400,000 ac -f t. (4)SEM IN0E DAM, NORTH PLATTE RIVER, 1,011, OOO a c - f t .
(5) KINGSLEY DAM, NORTH P L A T T E  RIVER; 1,946, OOO a c - ft (6 ) TUTTLE CREEK DAM, BIG BLUE RIVER, 2 ,346 ,000  ac - f t .
8 FORT RANDALL DAM, MISSOURI RIVER; 6,100,000 ac - ft. (7 ) GARRISON DAM, MISSOURI R IVER ; 2 4 , 5 00 ,  OOO ac - f t .
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FIGURE 6 . PEAK ANNUAL FLOW OF MI8S0URI RIVER AT SIOUX C ITY , IOWA, 1929-1976
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Comprehensive Framework Study" (Missouri Basin Inter-Agency Committee, 
1969). Names and capacities of major reservoirs and years storage 
began are also shown. There are 246 known reservoirs in the basin with 
published capacities. Present-day reservoir storage capacity in the 
Missouri River Basin is about 108 million acre feet exclusive of private 
structures such as farm ponds, tailings ponds, and fish farms. This is 
nearly twice the average annual flow in the Missouri River at Hermann, 
Missouri. Of the basin reservoir capacity, about 75 percent exists in 9 
reservoirs. Design purposes for reservoirs throughout the basin varies, 
but, in aggregate, they provide for virtually all the legal beneficial 
uses of water.
Figure 6 shows momentary peak annual flows in the Missouri River at 
Sioux City, Iowa between 1929 and 1976. Figure 7 shows peak annual stages 
associated with those flows. Monthly flows were the only records published 
for water years 1932 through 1938. The first continuous stage recorder 
was installed in February, 1935. The pattern of stage responses is 
nearly identical to that for discharge responses. The marked drop in 
peak flows and stages after 1953 are attributable to the closure of Fort 
Randall (1953), Garrison (1954), and Ohae (1959) Dams. However, it 
should be noted that these closures were coincident with occurrence of 
drought throughout the Missouri River Basin (Figures 1, 2, and 3). These 
reservoirs account for about 50 percent (54 million acre-feet) of the 
total storage in the basin. Fort Peck Dam (19.4 million acre-feet) was 
closed in 1937 prior to publication of data derived from the continuous 
record at Sioux City. The influence of upstream reservoirs is sufficient 
to obscure any time-dependent responses of either stage or discharge 
which might be present.
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FIGURE 7 . RIVER STAGE ASSOCIATED WITH MOMENTARY MAXIMUM PEAK ANNUAL FLOWS IN MISSOURI RIVER AT SIOUX CITY,
IOWA, 1929 -  1976
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Figure 8 shows mean daily and annual one-day minimum flows in the 
Missouri River at Sioux City, Iowa between 1929 and 1976. Like peak 
flows and stages, mean daily flows drop markedly in response to the 
closure of the major upstream dams. Although the period of record is 
short, it appears that after 1965, mean daily flows have been maintained 
at about the same level that prevailed prior to 1952. Minimum one-day 
flows have remained relatively unchanged over the period of record.
However, since 1970, they have been the highest or among the highest 
on record.
The drainage area of the Missouri River at Omaha, Nebraska is 8,600 
square miles (mi2) greater than that above Sioux City, an increase of 
2.7 percent. Figures 9 and 10 show peak annual flow and associated 
peak stages, respectively, for water years 1929 through 1976. Figure 11 
shows mean daily and annual one-day minimum at Omaha for the same period.
In all cases, the pattern of response is the same as that exhibited at 
the Sioux City station. It is interesting to note that until 1952, in 
all but three years, the recorded momentary peak flows at Sioux City 
were greater than those at Omaha. The attenuation is due to channel storage 
in the intervening reach (routing effect). However, after 1952, momentary 
peak flows at Omaha are consistently greater than those at Sioux City. 
Apparently, since closure of the dams, runoff from that part of the 
basin between Omaha and Sioux City has been sufficient to mask the 
routing-effect of floods in that reach.
The drainage area of the Missouri River above Kansas City,
Missouri is 485,200 mi2, an increase of 54 percent from the area above 
Sioux City. Most of the increase comes from the Platte River and 
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FIGURE II . MISSOURI RIVER NEAR OMAHA, NEBRASKA, 1929-1976
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Closure of Pathfinder Dam (1.02 million ac.ft.) on the North Platte 
River occurred in 1909. Seminoe Dam (1.01 million ac.ft.) and 
McConaughy Dam (1.95 million ac.ft.), also on the North Platte River, 
closed in 1939 and 1941, respectively. There are two major dams on 
tributaries to the Kansas River. Tuttle Creek Dam (3.23 million ac.ft.) 
closed in 1962 and Milford Dam (1.38 million ac.ft.) closed in 1967.
Figures 12 and 13 show momentary peak annual flow and associated 
peak stages, respectively, in the Missouri River at Kansas City,
Missouri between 1929 and 1976. Figure 14 shows mean daily flows and 
minimum annual one-day flows. The patterns are very reminiscent of 
those at Omaha and Sioux City. However, the effect of increased 
drainage area diminishes the influence of the reservoirs above Sioux 
City. For instance, where closure of the major dams above Sioux City 
resulted in a permanent reduction in peak flows in the Missouri River 
at Sioux City; at Kansas City, peak flows and stages since 1958 have been 
comparable to those which occurred between 1929 and 1952. Closure of 
major dams in the Platte and Kansas River Basins have been associated 
with one-year downturns in peak annual flow, peak annual stage, and 
(with the exception in 1941) mean daily flow. Although it may be that 
some peak flows in the Missouri River at Kansas City were, or will be, 
less than they would have been without the upstream reservoir storage, 
the lasting effect of those dams on peak flows is not demonstrable from 
the existing record.
Drainage area of the Missouri River at Hermann, Missouri is 
524,200 mi2, about 2/3 more than above Sioux City. The Osage River is 


















FIOURE 12. PEAK ANNUAL FLOW OF MISSOURI RIVER AT KANSAS CITY, MISSOURI, 1929-1976
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WATER YEAR (October I-September 3 0 )
FIGURE 13. RIVER STAGES ASSOCIATED WITH MOMENTARY PEAK ANNUAL FLOWS IN MISSOURI RIVER AT KANSAS CITY, MISSOURI,




















FIGURE 14 . MISSOURI RIVER NEAR KANSAS CITY, MISSOURI, 1929 -1976
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reservoirs in the Osage River Basin are Lake of the Ozarks behind 
Bagnell Dam (1.9 million ac.ft.), Pomme de Terre Lake (0.65 million 
ac.ft.), and Stockton Lake (1.2 million ac.ft.). Closure of Bagnell 
Dam was in 1931, Pomme de Terre Dam in 1960, and Stockton Dam in 1968.
Figure 15 shows momentary peak annual flows in the Missouri 
River at Hermann, Missouri. The pattern is faintly reminiscent of that 
at Sioux City and Omaha. There is no apparent response to the closure 
of Pomme de Terre and Stockton Dams, probably because they are upstream 
from Bagnell Dam. There was a drought between 1952 and 1955 and it was 
generally more severe in the Lower Missouri River Basin than in the Upper 
Basin. Therefore, the pattern of reduced annual peaks during this 
period could be due to drought rather than the coincident closure of 
upstream dams. Values of standard deviation and mean for peaks occurring 
between 1929 and 1952 were compared with those occurring between 1953 
and 1976. Using Student's t as a criterion, differences were not 
statistically significant. This lends credence to the idea that peak 
annual discharges at Hermann during the post-1952 period were not 
materially affected by closure of upstream reservoirs.
Figure 16 shows peak stages associated with instantaneous peak 
annual flows in the Missouri River at Hermann. As might be expected, 
the pattern of response is approximately a subdued replica of the pattern 
of peak annual flows. The correlation coefficient for peak stage versus 
time is 0.30. Because this is different from zero at the 5 percent 
level of significance, it is a positive indication that peak stages at 
Hermann have increased with time between 1929 and 1976. There is no
38
FIGURE 15 . PEAK ANNUAL FLOW OF MI880URI RIVER AT HERMANN,MISSOURI, 1929-1976
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WATER YEAR (O c to b tr 1 -S tpt«m b«r 3 0 )
FIGURE 16. RIVER STAGES ASSOCIATED WITH MOMENTARY PEAK ANNUAL FLOWS IN MISSOURI RIVER AT HERMANN,
MISSOURI, 1929 -1 9  76
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ready explanation for this behavior at this time. The same statistical 
comparisons applied to peak flows are not even suggestive of increases 
with time (or decreases either).
Figure 17 shows mean daily flows and minimum annual one-day flows 
in the Missouri River at Hermann. If upstream reservoirs had minimal 
effect on flows at Hermann, it might be expected that mean daily flows 
would exhibit the same periodicity as precipitation in the Missouri 
River Basin. Although the response between 1935 and 1955 is a reasonably 
symmetric cyclic pattern, the same is not true for the 1955-1975 period. 
The correlation coefficient for the relation between mean daily flow 
and time (0.23) is different from zero at the 10 percent level of 
significance and is reasonably suggestive of a long-term overall increase 
in mean daily flow. The correlation of minimum one-day flows with time 
is 0.47. Because this is different from zero at the 1 percent level 
of significance, it is a positive indication that minimum annual one- 
day flows at Hermann increased between 1929 and 1976.
River responses at Hermann are complex. The combined effect of 
reservoir storage and the long-term precipitation regime would be 
expected to result in decreased peak annual flows and associated stages. 
Apparently this has not occurred. This leads to the conclusion that 
either the effects of reservoir regulation are minimal or that precipi­
tation-runoff relations from areas not contributory to the major 
reservoirs have changed such that the effects of regulation are at least 
partially offset. The facts that mean daily flows appear to have 
increased and minimum one-day flows have increased tend to support the 
idea that land use changes upstream from Hermann have had the net 
result of increased flows from the Missouri River Basin. However, it
61
FIGURE 17 . MISSOURI RIVER NEAR HERMANN, MISSOURI, 1929-1976
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should be emphasized that a positive assertion to this effect cannot be 
made at this time because 1 ) the statistical evidence is weak and
2 ) corroborative evidence has not been considered.
Upper Mississippi River Basin
Figure 18 (from Munger, et. al, 1976) shows average annual precipi­
tation in the Upper Mississippi River Basin from 1931 to 1970. Average 
precipitation for the period is 32.3 inches. Although there is no time 
trend, the graphical presentation is visually suggestive of a cycle.
Figure 19 shows peak annual flows in the Mississippi River at 
Keokuk, Iowa for the period 1914-1965. Positive correlation of peak 
annual flows with time is different from zero at the 10 percent level 
of significance which is suggestive of an overall uptrend over the 
period. Figure 20 shows mean daily and minimum annual one-day flows in 
the Mississippi River at Keokuk between 1914 and 1965. Neither time 
trends nor cyclical behavior are present in the record of mean daily 
flows. However, correlation between minimum annual one-day flows and 
time is 0.3 which is different from zero at the 5 percent level of sig­
nificance. The uptrend is probably real and attributable to the presence 
of locks and dams upstream.
Figure 21 shows peak annual flows of the Illinois River at Meredosia, 
Illinois between 1939 and 1970. Figure 22 shows mean daily flows and 
minimum annual one-day flows at Meredosia between 1939 and 1970. There 
are no significant time trends for data presented on either figure.
Figure 23 shows peak annual river stage in the Mississippi River 
at Alton, Illinois between 1896 and 1976. There is no discernible 
long-term time trend. Data from 1929 through 1976 were also tested for 
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FIGURE 2 3 . RIVER STAGE CORRESPONDING TO MOMENTARY PEAK ANNUAL FLOW IN MISSISSIPPI RIVER AT ALTON, ILLINOIS. 1696 -  1976'
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Figure 24 shows peak annual flow of the Mississippi River at 
Alton between 1927 and 1976. The positive correlation between peak 
flows and time is significant at the 1 percent level of significance. 
Figure 25 shows mean daily flows and minimum one-day flows in the 
Mississippi River at Alton between 1929 and 1976. The increase in 
mean daily flows since 1929 is statistically significant at the 1 
percent level. However, no time trend is present in the minimum annual 
one-day flows.
Mississippi River Basin Downstream from the Missouri River
Figure 26 shows peak annual flows of the Mississippi River at 
St. Louis, Missouri between 1929 and 1976. Figure 27 shows peak 
annual stages in the Mississippi River at St. Louis for the same period. 
Although there is no time trend for peak annual flows, correlation of 
peak annual stage with time is 0 . 2  and is different from zero at the 
10 percent level of significance. Thus, there is a distinct possibility 
that peak stages have been increasing since 1929.
By accident, the correlation of peak stage with time was first 
calculated with a 1973 peak stage of 33.23 ft. instead of 43.23 ft.
The resulting correlation coefficient (0.16) is not significant at the 
10 percent level. Apparently, the extreme peak stage occurring near 
the end of the record has an undue "moment" effect which influences the 
calculation. Clearly, in this particular case, the statistical test being 
used is not robust enough to assert with reasonable assurance that peak 
stages have been increasing with time. However, even if it cannot be 
categorically stated that peak stages are increasing with time, the 
presence of positive correlation and visual inspection of Figure 27 show 
that peak stages are not decreasing with time.
70
FIGURE 24. PEAK ANNUAL FLOW OF MI88I88IPPI RIVER AT ALTON, ILLINOIS, 1929-1976
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FIGURE 2 7 . PEAK ANNUAL STAGE OF MISSISSIPPI RIVER AT ST. LOUIS, MISSOURI, 1929-1976
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Therefore, the question of increase in peak stage with time at St.
Louis remains open and warrants further investigation.
Figure 28 (from Munger, et. al, 1976) shows annual precipitation 
in the east Ozarks region of Missouri between 1931 and 1976. Figure 29 
shows peak annual flows in the Meramec River near Eureka, Missouri 
between 1922 and 1976. Figure 30 shows mean daily flows and minimum 
one-day flows in the Meramec River near Eureka for the same period.
There are no time trends persent in any of the four sets of data plotted 
on these figures. Apparently, the development that has taken place in 
the Meramec River Basin upstream from Eureka since 1922 has not resulted 
in measurable long-term streamflow responses at Eureka.
Figure 31 shows annual peak flows and Figure 32 shows annual peak 
stages, both for the Mississippi River at Chester, Illinois between 1929 
and 1976. There is no long-term time trend in the annual peak flow data. 
Correlation of annual peak stages with time is 0.23 which is significant 
at the 10 percent level. Although this is suggestive of an increase in 
peak stages since 1929, it is not strongly suggestive. Like the case 
for peak-stage increases at St. Louis, the matter is still open to 
question and merits further investigation.
Figure 33 and Figure 34 show annual peak flows and annual peak 
stages, respectively, in the Mississippi River at Thebes, Illinois 
between 1929 and 1976. Neither set of data exhibits a long-term time 
trend.
Results of time-trend analyses are summarized in Table 7. The null 
hypothesis is that the correlation coefficient is zero. In other words, 
for a given variable, there is no time trend. The parameters t j o  anc* 
t 05 refer to the 10 percent and 5 percent levels of significance,
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respectively. In previous discussion, rejection of the null hypothesis 
has been left to the reader except where the calculated t exceeded 
t.05-
Table 7: Summary of Time-Trend Analyses for Preciptation, Stage, and Streamflow at Selected Locations
Description
1. Weighted annual precipitation in the Missouri River 
Basin, 1974-1965
2. Annual precipitation in the Upper Missouri River 
Basin, 1931-1970
3. Annual precipitation in the Lower Missouri River 
Basin, 1931-1970
4. Peak annual flow of the Missouri River at Hermann, 
MO, 1929-1976
5. River stages associated with peak annual flow in 
the Missouri River at Hermann, MO, 1939-1976
6 . Mean annual flow of the Missouri River at Hermann, 
MO, 1929-1976
7. Minimum annual one-day flow in the Missouri River 
at Hermann, MO, 1929-1976
8 . Annual precipitation in the Upper Mississippi 
River Basin, 1931-1970
9. Peak annual flow of the Mississippi River at 
Keokuk, IA, 1914-1965
10. Mean annual flow of the Mississippi River at 
Keokuk, IA, 1914-1965
Minimum annual one-day flow of the Mississippi 













2 92 -0.14 1.34 1.29/1.67
3 30 0.19 1 .0 2 1.31/1.70
4 30 0 . 0 0 0 . 0 0 1.31/1.70
15 48 0.03 0 . 2 0 1.30/1.68
16 48 0.30 2.13 1.30/1.68
17 48 0.23 1.60 1.30/1.68
17 48 0.47 3.61 1.30/1.68
18 40 0 . 1 1 0 . 6 8 1.30/1.68
19 52 0.19 1.37 1.30/1.67
20 52 0.05 0.35 1.30/1.67
20 52 0.30 2 . 2 2 1.30/1.6711.
Table 7: Continued
Description
12. Peak annual flow of the Illinois River at Meredosia, 
IL, 1939-1970
13. Mean annual flow of the Illinois River near 
Meredosia, IL, 1939-1970
14. Minimum annual one-day flows in the Illinois River 
near Meredosia, IL, 1939-1970
15. River stages associated with peak annual flow in the 
Mississippi River at Alton, IL, 1896-1976
16. Peak annual flow of the Mississippi River at Alton, 
IL, 1929-1976
17. Mean annual flow of the Mississippi River at Alton, 
IL, 1929-1976
18. Minimum annual one-day flows in the Mississippi 
River at Alton, IL, 1929-1976
19. Peak annual flow of the Mississippi River at 
St. Louis, MO, 1929-1976
20. Peak annual stage of the Mississippi River at 
St. Louis, MO, 1929-1976
21. Annual precipitation of the East Ozarks Region 
in Missouri, 1921-1976














21 32 -0.06 0.33 1.31/1.70
22 32 0 . 0 2 0 . 1 1 1.31/1.70
22 32 0.05 0.27 1.31/1.70
23 81 -0 . 0 2 0.18 1.29/1.66
24 48 0.35 2.53 1.30/1.68
25 48 0.27 1.90 1.30/1.68
25 48 0 . 0 0 0 . 0 0 1.30/1.68
26 48 0 . 1 1 0.75 1.30/1.68
27 48 0 . 2 0 1.38 1.30/1.68
28 46 -0.05 0.33 1.30/1.68
29 55 0 . 0 1 0.07 1.30/1.68
Table 7: Continued
Description
23. Mean annual flow of the Meramec River near Eureka, 
MO, 1922-1976
24. Minimum annual one-day flows in the Meramec River 
near Eureka, MO, 1922-1976
25. Peak annual flow of the Mississippi River at 
Chester, IL, 1929-1976
26. Peak annual stage of the Mississippi River at 
Chester, IL, 1929-1976
27. Peak annual flow of the Mississippi River at 
Thebes, IL, 1933-1976















30 55 0 . 0 0 0 . 0 0 1.30/1.67
30 55 -0.08 0.58 1.30/1.67
31 48 0 . 0 1 0.07 1.30/1.68
32 48 0.23 1.60 1.30/1.68
33 45 0.06 0.39 1.30/1.68






































































































FIGURE 33. PEAK ANNUAL FLOW OF MISSISSIPPI RIVER AT THEBES, ILLINOIS, 1933 -1976
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FIGURE 54. PEAK ANNUAL STAGES OF MISSISSIPPI RIVER AT THEBES, ILLINOIS, 1953-1976
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DISCUSSION
The influence of river training structures on the general regime of 
the Mississippi River between the Missouri and Ohio Rivers had been the 
subject of study by numerous investigators. Discussion and debate of 
results continue, particularly with respect to the effects of dikes and 
levees on flood stages. Little, if any, attention has been given to the 
possible long-term effects of extensive watershed modifications on flow 
and stages of the Middle Mississippi River, even though the influence of 
these modifications on stages and flows may be fully as important as the 
influence of river training and control structures.
The Working Group on the Influence of Man on the Hydrological Cycle 
(1972) summarize what is known about effects of various land uses and land 
treatments on runoff. In general terms, hydrologic responses of forest 
lands are reasonably well understood. Volumes and peak rates of runoff 
derived from rainfall will be less from forested land than from cleared 
land. One experiment showed that this response occurred even when intensive 
soil conservation measures were implemented on the cleared land. In con­
trast, conifer forests yield more runoff than cleared land when precipita­
tion is in the form of snow. Properly managed and maintained grass lands 
will result in reductions in runoff volumes, flood peaks, and sedimentation 
compared to poorly managed grass lands. The magnitude of response depends 
on grazing practices, soil characteristics, density of ground cover, and 
depth of the root zone. In most cases, replacement of native vegetation 
with cultivated crops results in increased volumes of runoff and, if soil 
conservation practices are not implemented, increased flood peaks and erosion. 
Largely because of stream depletion, irrigation results in a reduction of 
annual runoff volumes. Finally, unless engineering works such as diversions
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and detention basins are incorporated into urban drainage systems, 
urbanization results in higher peak rates of runoff. It usually always 
results in an increase in runoff volumes.
The preceding summary is brief almost to the point of oversimpli­
fication. Influences of regional and local climate, topography, and 
soils may be sufficient to negate, at least to some degree, the typical 
responses cited above. Furthermore, the type and magnitude of hydrologic 
response to be expected for any land use is highly dependent on the applied 
management practices. In turn, management practices are largely determined 
in terms of economic feasibility. Thus, hydrologic responses will vary in 
both the short term and in the long term with regional and national economic 
conditions.
There have been few quantitative relationships defined for runoff in 
relation to type of land use. None have been accepted as being broadly 
applicable. Digital watershed models have demonstrated potential in this 
regard. However, deterministic (based on laws of physics) models usually 
require extensive calibration and, because of the large number of input 
parameters and individual hydrologic processes being simulated, they are 
limited with regard to the size of watershed which can be modeled. Also, 
this type of model is usually oriented toward simulation of hydrologic 
responses to variations in precipitation and management of hydraulic 
structures and irrigation systems rather than variations in land use or 
land use management. Stochastic (based on laws of probability) models require 
that hydrologic and climatological processes are stationary with respect to 
time. Because of the basic premise that runoff varies with changes in land use 
and management practices, stochastic models probably have limited applica­
tion to the problem at hand.
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As discussed previously in this report, the usefulness of using 
pre-1930 streamflow records to analyze historical changes in runoff con­
ditions is probably limited. This is because rate of change in runoff 
with time is likely to have been small in comparison with the variability 
in methods and equipment used in early years to determine streamflow.
Also, taken from earliest settlement to the present, changes in runoff 
characteristics of the land may not have been unidirectional. Where early 
practices of farming, mining, and forestry practices probably resulted in 
increased runoff volumes (or possibly vice versa in the case of placer 
mining), advances in more recent times may have reversed the trend.
A detailed chronology of settlement and development of the Missouri 
River and Upper Mississippi River Basins will be required for an historical 
assessment of the effects of man on flows in the Middle Mississippi River 
and its tributaries. Such a chronology would be of value in understanding 
1) how man may have altered the hydrologic stresses on rivers in the 
study area and 2) in evaluation of stream responses manifested in the 
Middle Mississippi River and its major tributaries during the post-1930 
era. The latter may be required for positive evaluation of past and future 
effects of river training works on flood stages and movement of sediment 
in the Middle Mississippi River. If a historical chronology is under-taken, 
it should be assigned to a professional historian, but designed and closely 
supervised by hydrologists and/or potamologists familiar with the technical 
aspects and reasons for such a study.
In order to make quantitative assessments of the effects of man on 
river responses manifested by the Mississippi River between St. Louis, 
Missouri and Cairo, Illinois, it is necessary to have a baseline from which
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to measure. Because the Missouri River and Upper Mississippi River 
Basins are the source of 45 percent and 55 percent, respectively, of 
the flow in the Middle Mississippi River at St. Louis, those basins 
must be considered in their entirety. The only practicable way of 
determining what land use is at any one time (or short period of time) 
is through aerial photography or remote sensing imagery. The period 
1954 through 1961 is the earliest for which comprehensive aerial photo­
graphy of the study area exists. Although comprehensive photography 
coverage also exists for the period 1963 through 1973, satellite remote 
sensing was begun in 1972. Because satellite coverage provides seasonal 
coverage within any year, there is probably little reason to consider the 
1963-1973 period for a baseline.
The principal advantage of the 1954-1961 period for a baseline is 
its relatively early date. Most contemporary streamflow records encom­
pass that period as do a few water-quality records. Disadvantages are 
that 1) the period of coverage is eight years and 2) the imagery is 
black and white photography (the entire visible light range). Advantages 
of satellite imagery are 1) basin coverage by season is assured, 2) 
imagery is in either three or four separate spectral bands (including 
near infrared) which can be reproduced separately or composited, and
3) it encompasses both flow and water-quality records at most stations 
in the study area.
There are two formidable problems associated with establishment of 
a baseline. Most important, the present state of the art of hydrology 
precludes quantitative assessment of hydrologic responses to land use at 
the scale of major drainage basins or larger. Second, reduction and 
interpretation of remotely sensed data for an area the size of the Middle
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Mississippi River Basin would require a considerable investment of time 
and manpower. It is unlikely that there are a sufficient number of trained 
individuals to undertake such a task at this time.
The future holds more promise. Hydrologic research, principally on 
experimental watersheds, is making progress in unraveling the complexities 
of hydrologic processes in different environments. Hopefully, this will 
lead to reliable quantitative expression of precipitation-runoff relations. 
It should be noted here that there are only nine representative and 
experimental basins in the area and they are administered by five separate 
entities. Interpretation of remotely sensed imagery has made great strides 
in recent years, particularly in the area of agricultural sciences. It 
may be that with the aid of computers, the efficiency of large-scale 
reduction and interpretation of remotely sensed data will increase several 
fold in the future. A possible scenario is that climatological data and 
remotely sensed data for a particular year will provide input to a series 
of watershed models. Output from the models would, in turn, be routed 
downstream to assess streamflow responses in the Middle Mississippi River.
Whatever the future may hold, evaluation of a baseline condition at 
this time is probably premature. The best that could be achieved would 
be a description of the area committed to each type of land use and the 
associated flow and water-quality conditions. Without quantitative 
relationships, it would probably be impossible to attribute land-use 
changes to changes in streamflow regime at some subsequent period of time.
Evaluation of the human influence on stream responses presumes that 
changes in characteristic behavior of streams can be detected. This further 
presumes that a characteristic behavior can be determined. Clearly, a 
characteristic behavior cannot be determined for streams with drainage
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areas larger than a few square miles. This is because man's structures 
on the watersheds and in the rivers were already in place by the time 
systematic collection of continuous streamflow data began and because 
of the annual variation in precipitation.
Where changes in streamflow are statistically detectable, results 
are sometimes anomalous. For instance, it appears that mean daily stream- 
flow in the Missouri River at Hermann and in the Mississippi River at 
Alton have increased since 1929. However, according to Stevens, et. al 
(1975), mean annual discharge at St. Louis has not changed for 130 years. 
The ability to detect real change remains compromised until these types 
of paradoxes are explained. Effects of major dams on the Missouri River 
on flows can be traced downstream for a considerable distance. However, 
it is not possible to determine the extent of the relative effects of 
dam closures and sub-normal precipitation on peak flows of the Missouri 
River at Kansas City or at Hermann. In fact, it is not clear from the 
record just how much upstream dams influence annual peak runoff at Kansas 
City or Hermann. Therefore, at this time, there is no way to evaluate the 
relative influence of private and government activities on navigation and 
flood control in the Middle Mississippi River. About the most that can 
be said is that dikes and revetments have stabilized the channel, dikes 
have performed to maintain a navigation channel at the required depth, 
levees contain floods at stages up to the design grade, and locks and 
dams permit navigation in the Upper Mississippi River Basin during the 
entire ice-free season.
The relative influence of government and private activities on flood 
flows, flood stages, and sediment discharge remain unresolved. However, 
where disparate time-response patterns for peak stage and flows exist,
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such as at Hermann, St. Louis, and Chester, further efforts should be 
expended to determine if 1) the apparent stage increases are real and 
2) if they are caused or aggravated by channel contractions brought 
about by dikes and levees. A first step toward the latter might be a 
limited theoretical study aimed toward assessing trade-offs between loss
of flood plain storage and increased hydraulic efficiency brought about
2/3
by roughness decreases and increased section factor (AR ). This could 
be achieved through digital modeling by routing flood flows through 
hypothetical channels.
In view of the present state of the art for analysis of the 
behavior of complex river systems, it is clear that quantitative 
determination of the effects of man's activities on streamflow responses 
will require a commitment of at least a few decades and perhaps a century. 
As far as can be determined now, there are no breakthroughs on the 
horizon. Therefore, the first step that the Government should take to 
more completely understand the consequences of man's activities on navi­
gation and flood control projects is to determine and precisely define 
problems which exist with respect to those projects. The next step is to 
determine, as far as possible, in what ways knowledge of the relations 
between man's activities and river responses will serve to mitigate or 
lead to more effective control of these problems. Only after these steps 
have been conscientiously completed, should the Government embark on 
design and implementation of a program to determine how man has influenced 
the flow regime of the Middle Mississippi River.
The chronology of settlement of the study area with emphasis on those 
aspects which influence or describe hydrologic processes is likely to 
result in improved interpretation of existing hydrologic records whether
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or not other evaluations of man's activities take place. Therefore, it 
is recommended that the study of the history of settlement of the study 
area go forward under the general guidelines previously discussed. 
Because the U.S.G.S. has implemented the NASQAN program and operates and 
maintains the network of Bench-mark Stations, implementation of an 
early-warning or watch program in the study area is not warranted. How­
ever, after determination and definition of problems associated with 
navigation and flood control projects, it should be determined if the 
U.S.G.S. is collecting the relevant data.
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Inquiry Form for Geographic Computer Search
iNQMir form
GEOGRAPHIC COMPUTER SEARCH
U.S. DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY






_________________________________________  ACCOUNT NO _________
(INITIAL) (LAST) 'lf KNOWN)
_________________________________________  PHONE (B us)_________
(IF BUSINESS ASSOCIATED)
_________________________________________  PHONE (Home)________
_________________________________________  Your Ref. N o __________
(P 0 GOV T ACCT OR OTHER)
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Imagery with any coverage over 
the selected area will be included
POINT H\ POINT § 2 POINT #3
° 'N nr S 0 1N nr S
Longitude 0 'f 0 ‘F nr W 0 *F or W
landsat Only: (Worldwide Reference System)
Path Path Path Path Path
Row ROW Rnwu Rnur Rnw
AREA #1 AREA Hf? AREA #3
Lat----------- !______ LN or S to
O
l i t ----------------------------L n or S
° ,
Long________________ E or W to
o
Long_______________L e or W
Lat_____________ Ln or S to
• ,
Lat_____________ I N  or S
• i
Long_______________ E or W to
O
Long_____________ L e or W
Lat. N nr S In
Lat.
0
* N or S
Inng
0
* E or W In
Long.
9
1 E or W
If the above geographic coordinates cannot be supplied, please specify area by GEOGRAPHIC NAME AND LOCATION (include a map if 
possible)
[ 1 Landsat






□ □  JAN-MAR
□  APR JUNE
PREFERRED TIME OF YEAR 
Check maximum of three
Q  All coverage 
□  Latest coverage
□  Sky lab 
! 1 Nasa-Aircraft.
□ Q □  JULY SEPT □  SPECIFIC DATES□ □ □  OCT DEC NOTE. Seasonal coverage normally
| 1 Aerial Mapping Photography (Minimum color available) applies only to Landsat coverage
MINIMUM QUALITY RATING ACCEPTABLE
□ □ □ □
0-2 3-4 5-6 7-9
(WRY
POOR)
(POOR) (FAIR) (GO 00)
MAXIMUM CLOUD COVER ACCEPTABLE
□  10% □  30% □  50% 0 8 0 %  O l 0 0 %
NOTE: Classification of percent of cloud cover is subjective and is relative to the amount of clouds 
appearing on the imagery and not to their location






NCIC HEADQ UARTERS  
U.S. Geological Survey 
507 National Center 






U.S. Geological Survey 
Bay St. Louis, MS 39520 
FTS: 494-3541 
COMM: 688-3472
NCIC M ID-CONTINENT  
U.S. Geological Survey 
1400 Independence Rd. 
Rolla, MO 65401 
FTS: 276-9107 
COMM: 314-364-3680
EROS DATA CENTER  
U.S. Geological Survey 
Sioux Falls, SD 57198 
FTS: 784-7151 
COMM: 605-594-6511
NCIC ROCKY MOUNTAIN  
U.S. Geological Survey 
Stop 510, Box 25046 
Denver Federal Ctr.
Denver, CO 80225 
FTS: 234-2326 
COMM: 303-234-2326
NCIC WESTERN  
U.S. Geological Survey 
345 Middlefield Rd. 
Menlo Park, CA 94025 
FTS. 467-2427 
COMM. 415-323-2427
HOW TO REQUEST A GEOGRAPHIC SEARCH
T h i s  fo rm  i s  u s e d  t o  r e q u e s t  a  c o m p u t e r  s e a r c h  f o r  i m a g e r y  o v e r  a  p o in t  o r  a r e a  
o f  i n t e r e s t .
D a t a  f r o m  t h i s  i n q u i r y  s h e e t  w i l l  b e  u s e d  t o  i n i t i a t e  a  c o m p u t e r  G e o s e a r c h .  T h e  
r e s u l t s  w i l l  b e  r e t u r n e d  o n  a  c o m p u t e r  l i s t i n g  a l o n g  w i t h a d e c o d i n g  s h e e t ,  f ro m  w h i c h  
i m a g e r y  c a n  b e  s e l e c t e d  a n d  o r d e r e d .
C o m p le t e  t h e  fo r m  a s  f o l l o w s :
A .  E n t e r  y o u r  N A M E ,  A D D R E S S ,  a n d  Z I P  C O D E  c l e a r l y .  If  y o u  h a v e  h a d  
p r e v i o u s  c o n t a c t  w i t h  t h a t  f a c i l i t y ,  i n c l u d e  y o u r  A C C O U N T  n u m b e r .  E n t e r  
a  P H O N E  n u m b e r  w h e r e  y o u  c a n  b e  r e a c h e d  d u r i n g  b u s i n e s s  h o u r s .
B .  C o m p le t e  t h e  r e q u i r e d  in f o r m a t i o n  f o r  e i t h e r  t h e  P O I N T  S E A R C H ,  o r  A R E A  
R E C T A N G L E  i n q u i r y ,  w h i c h  i n c l u d e s  t h e  g e o g r a p h i c  L A T I T U D E  a n d  L O N G ­
I T U D E  c o o r d i n a t e s .  I f  c o o r d i n a t e s  a r e  n o t  a v a i l a b l e ,  p l e a s e  s u p p l y  t h e  
G E O G R A P H I C  N A M E  A N D  L O C A T I O N  o r  a  m a p  w i t h  t h e  a r e a  o f  i n t e r e s t  
i d e n t i f i e d .  I t  i s  b e n e f i c i a l  t h a t  y o u  m i n i m i z e  y o u r  a r e a  o f  i n t e r e s t ,  t h e r e b y  
a l l o w i n g  f o r  a  f a s t e r  a n d  m o r e  c r i t i c a l  r e t r i e v a l  o f  i n f o r m a t i o n .
C .  C o m p le t e  a l l  o t h e r  in f o r m a t i o n .
D .  C o m p l e t e  t h e  A P P L I C A T I O N  A N D  I N T E N D E D  U S E  p o r t i o n  o f  t h e  i n q u i r y ,  
e . g .  W i l l  i t  b e  u s e d  f o r  i d e n t i f y i n g  b u i l d i n g s  o r  w i l l  i t  b e  f r a m e d  a n d  p l a c e d  
o n  a  w a l l .  T h i s  i n f o r m a t i o n  w i l l  a s s i s t  o u r  t e c h n i c i a n s  in  d e t e r m i n i n g  
w h e t h e r  t h e  p r o d u c t s  a v a i l a b l e  w i l l  s a t i s f y  y o u r  r e q u i r e m e n t s .
E .  R e t u r n  c o m p l e t e d  f o r m  t o  t h e  F A C I L I T Y  N E A R E S T  Y O U .
N O T E :  I f  a n  i n q u i r y  is  m a d e  f o r  L a n d s a t  D a t a ,  a n d  t h e  W o r l d w i d e  R e f e r e n c e  o f  
P A T H  a n d  R O W  n u m b e r s  a r e  a v a i l a b l e ,  p l e a s e  i n s e r t  t h e m  in  t h e  a p ­
p r o p r i a t e  l o c a t i o n s .  O t h e r w i s e ,  g e o g r a p h i c  c o o r d i n a t e s  w i l l  s u f f i c e .
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Missouri-cont. Garfield Chase Nuckolls
Glacier Cherry Otoe
Macon Golden Valley Cheyenne Pawnee
Maries Hill Clay Perkins
Mercer Jefferson Colfax Phelps
Miller Judith Basin Cuming Pierce
Moniteau Lewis & Clark Custer Platte
Montgomery Liberty Dakota Pol k
Morgan Madison Dawes Red Willow
Nodaway McCone Dawson Richardson
Osage Meagher Deuel Rock
Pettis Musselshell Dixon Saline
Phelps Park Dodge Sarpy
Platte Petroleum Douglas Saunders
Pol k Phil 1ips Dundy Scotts Bluff
Pulaski Pondera Fillmore Seward
Putnam Powder River Franklin Sheridan
Randolph Prairie Frontier Sherman
Ray Richland Furnas Sioux
Saline Roosevelt Gage Stanton
Schuyler Rosebud Garden Thayer
St. Charles Sheridan Garfield Thomas
St. Clair Silver Bow Gasper Thurston
St. Louis Still Water Grant Valley
Sul 1i van Sweet Grass Greeley Washington
Texas Teton Hall Wayne
Vernon Toole Hami1 ton Webster
Warren Treasure Harlan Wheeler
Webster Valley Hayes York
Worth Wheatland Hitchcock
Wri ght Wibaux Holt





Big Horn Adams Keith Billings
Blaine Antelope Keya Paha Bowman
Broadwater Arthur Kimbal1 Burke
Carbon Banner Knox Burleigh
Carter Blaine Lancaster Dickey
Cascade Boone Lincoln Divide
Chouteau Box Butte Logan Dunn
Custer Boyd Loup Eddy
Daniels Brown McPherson Emmons
Dawson Buffalo Madison Foster
Deerlodge Burt Merrick Golden Valley
Fall on Butler Morrill Grant
Fergus Cass Nance Hettinger
Gallatin Cedar Nemaha Kidder
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N. Dakota-cont. Gregory Converse
Haakon Crook
LaMoure Hamli n Fremont
Logan Hand Goshen

















































States and Counties in the Mississippi River Basin*
Illinois Macoupin Laporte Jackson
Madison Marshall Jasper
Adams Marion Newton Jefferson
Lexander Marshall Porter Johnson
Bond Mason St. Joseph Jones
Boone McDonough Starke Keokuk
Brown McHenry Kossuth
Bureau McLean Lee
Calhoun Menard Iowa Linn
Carrol 1 Mercer Louisa
Cass Monroe Adair Lucas
Champaigne Montgomery Allamakee Madison
Christian Morgan Appanoose Mahaska
Cl inton Moultrie Benton Marion
Coles Ogle Black Hawk Marshal 1
Cook Peoria Boone Mitchel1
DeKalb Perry Bremer Monroe
DeWitt Piatt Buchanan Muscatine
Douglas Pike Buena Vista Palo Alto
DuPage Putnam Butler Pocahontas
Effingham Randolph Calhoun Polk
Fayette Rock Island Carroll Poweshiek
Ford Sangamon Cedar Sac
Franklin Schuyler Cerro Gordo Scott
Fulton Scott Chickasaw Story
Greene Shelby Clarke Tama
Grundy Stark Clayton Van Buren
Hami1 ton St. Clair Cl inton Wapello
Hancock Stephenson Dallas Warren
Henderson Tazewell Davis Washington
Henry Union Delaware Webster
Iroquois Warren Des Moines Winnebago
Jackson Washington Dubuque Winneshiek
Jefferson Whiteside Emmet Worth
Jersey Will Fayette Wright
Jo Daviess Williamson Floyd
Johnson Winnebago Franklin
Kane Woodford Greene Missouri
Kankakee Vermilion Grundy
Kendal 1 Guthrie Adair
Knox Hami1 ton Audrain
Lake Indiana Hancock Bollinger
La Salle Hardin Callaway
Lee Benton Henry Cape G i r a r d e a u
Livingston Jasper Howard Clark
Logan Kosciusko Humboldt Knox




































Fond du Lag 
Forest 
Grant 
Green
Green Lake
Iowa
Iron
Jackson
Jefferson
Juneau
Kenosha
La Crosse
La Fayette
Langlade
Lincoln
Marathon
Monroe
Oneida
Pepin
Pierce
Polk
Portages
Price
Racine
Richland
Rock
Rusk
Sauk
Sawyer
St. Croix
Taylor
Trempealeau
Vernon
Vilas
Walworth
Washburn
Waukesha
Waushara
Washington
